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GKNS THERAPY POR HYPERCHOLESTEROLEMIA 

This invention relates to hypercholesterolemia and the 
treatment thereof. More particularly, this invention relates 
to the treatment of hypercholesterolemia through th 
administration of adenoviral vectors including DNA encoding 
apolipoprotein B. 

^lipoprotein B (also Known as *P° E, is a exponent of 

several plasn>a lipoproteins including chylomicrons. 
HDL. Receptor-mediated catabolism o£ 

is mediated through the interaction of Apo . with the LDL 
receptor or with the U>L receptor-related protein. LRP 

Sr. «... .«■«• .^ 8 ":^: 


(Mahley, science . . . - 

a^ sIle^T™!. "4. P9S. 1471-1474 (199*)). 
^etotrtpo B into normal and nvpe rl ipide«ic ra^s 
resulted in a decrease in plasma cholesterol concen tratlon^ 


B into normal and hyperlipidemic 
resuitea » - decrease in plasma cholesterol concent: 
.Vamada. et al.. Prnr WW Wna. K*.. ^ «■ " 2130 

U989,; Mahley. ,T HHl «!. 83. pgs 2125-2130 

19 89» . These studies demonstrated that elevation of Apo J 
evels in plasma could apparently increase the clearance of 
1 ^ . . . ™u« .hniaaterol lowering 


V po^L«r £ - trciT;uTa7ion. The cholesterol lowering 
e^due « the intravenous injection of Apo «. however 
^ transient and lasted about 20 hours. In Apo 8 transgenic 
mice, stable overexpres.ion of Apo B resulted in a sustained 
reduction of plasma cholester 1 concentrations and resistance 
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to dietary elevation of plasma cholesterol concentrations 
(Shimano, et al., Proc. Nat Acart s M , Vol. 89, pg S . 1750 - 
1754 (1992), . Kinetic studies of VLDL, LDL, and chylomicrons 
in Ado B transgenic mice showed that the overexpression of 
Apo E enhanced the clearance of these lipoproteins from the 

circulation (Shimano. etal. ( J. Clin r , Vol . 90> ■ 

2084-2091 (1992,, shimano. etal.. a^lin^iny^. Vol S3, 
pgs. 2215-2223 (1994, . Taken together, these studies support 
the hypothesis that overexpression of Apo B win reduce 
Plasma cholesterol and/or triglyceride concentrations by 
increasing the clearance of plasma lipoproteins from the 
circulation. 

Apo B-def icient mice demonstrate further the physiologic 
importance of Apo B in lipoprotein metabolism. Apo B- 
def xcient mice are severely hypercholesterolemic with average 
Plasma cholesterol concentrations of 400 to 800 mg/dl on a 
regular chow diet. (Zhang, et al., Sfiie^. Vol. 258, pgs 
468-471 (1992,; Plump, Ceil, Vol. 71, pgs. 343-351 {199 " } 
These mice also develop atherosclerotic lesions at 
approximately 11 weeks of age with the appearance of foam 
cells which progress to a more involved, complex lesion 
including cholesterol clefts and fibrous caps (Redderick, et 

' ^erioscler, Thromfr. , vol. 14, pgs. 141-147 (1994), 
The severe hypercholesterolemia found in Apo B-def icient mice 
and the profound effect of deleting the Apo B gene on 
lipoprotein metabolism demonstrates that Apo B plays a key 
role in the receptor mediated clearance of plasma 
lipoproteins through its interaction with either the LDL 
receptor or the LRP. 

It is therefore an object of the present invention to 
treat hypercholesterolemia in an individual by providing the 
individual with an expression vehicle including a lipoprotein 
gene . 
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Th invention vLlZvntmtocr** with respect to the 
drawings, wherein: 

Figure 1 is a map of plasmid pCRII; 
Figured is a map of plasmid pCRB; 

Figure 3 is a schematic of the construction of plasmid 

PHRJ Figure 4 is a schematic of the construction of an 
adenoviral vector including an adenoviral ITR, an E a 
enhancer sequence, a Rous Sarcoma Virus promoter, and an 
Adenovirus 5 tripartite leader sequence; 

Figure 5 is a schematic of the construction of plasmid 

pAvS6 ; 

Figure 6 is a plasmid map of plasmid P AvS6; 

Figure 7 is a map of plasmid pAvS6E; 

Figure 8 is a schematic of the construction of AvlRE ; 

Figure 9 is a map of plasmid pAvS6-nLacZ; 

Figure 10 is a schematic of the construction of 

^^gure 11 is a Western blot of in vitro human apoB 
expression from HepG2 cells transduced with AvlLacZ4 or 

of in vivo expression of 


AvlRE; 


Figure 12 is a western bloc - - 

h „a* apoE in apoE-deficient mice treated with AvlLacZ* or 

RVlIa! piaure 13 i- a graph of plasma cholesterol 
concentrations in apoE-def icient mice treated with Avll*cZ4 
or AvlRE at 0 and 7 days post-infection; 

Pigure 14 is a graph of plasm, lipoprotein distributions 
in apoE-deficient mice treated with AvlLacZ* or AvlRB; 

figure 15 is a western blot of human apoE distribution 
among mouse plasma lipoproteins in mice treated with AvlRE, 


and 


WO 96/14837 


PCT/DS95/14541 


Figures 16A and 16B are graphs of total plasma 
cholesterol and plasma human apoB concentrations, 
respectively, in mice treated with AvlLacZ4 or AviRE. 

DBTAITiKD DESCRIPTION OF THE IMVRMTTnw 

In accordance with an aspect of the present invention, 
there is provided an adenoviral vector including a nucleic 
acid sequence encoding apolipoprotein E or a fragment or 
derivative thereof having the biological activity of 
apolipoprotein B. 

Apolipoprotein B results in cholesterol lowering through 
an increase in the receptor mediated cataholism of 
apolipoprotein B containing lipoprotein particles. 

The term "fragment or derivative thereof" as used herein 
means that the apolipoprotein B may be a protein which has 
deletion (s) of amino acid residues within the protein 
structure, and/or may be truncated at the C- terminal and/or 
the N- terminal, and/or may be mutated such that one or more 
amino acid residues normally present in the protein structure 
are replaced with other amino acid residues . Such fragments 
and derivatives of apolipoprotein E retain the same 
biological activity as unmodified apolipoprotein E . 

The nucleic acid sequence encoding apolipoprotein B or 
a fragment or derivative thereof may be the native nucleic 
acid sequence which encodes apolipoprotein B or a fragment or 
derivative thereof, or an allelic variant thereof. The term 
"allelic variant* as used herein means that the allelic 
variant is an alternative form of the native nucleic acid 
sequence which may have a substitution, deletion, or addition 
of one or more nucleotides, which does not alter 
substantially the function of the encoded apolipoprotein B or 
fragment or derivative thereof. 

In a preferred embodiment, the nucleic acid sequence 
encoding apolipoprotein B or a fragment or derivative thereof 
encodes human apolipoprotein B, and in particular, human 
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apolipoprotein ».' The nucleic acid sequence P«^«-»» " 

further include a trailer sequence or portion thereof of 

^Ucant/r ^d unexpected* that, when ^a 1 
hosts «re infected with adenoviral vectors including . 
„u Jacld sequence encoding apolipoprotein that in such 
animal hosts. one obtains long term express!* of th 
nucleic acid sequence encoding apolipoprotein « as well 
long tern lowering of plasma cholesterol concentrations. 

rrhe adenoviral vector which is employed .nay in one 
embodiment, be - adenoviral vector which ^includes 
essentially the complete adenoviral g«-. « ^ 

Alternatively, the adenoviral vector may be a mo 
adenoviral vector in which at least a portion of the 
adenoviral genome has been deleted. ^ovi-l 5' 

In one embodiment, the vector comprises an adenoviral 5 
„.„,wtral 3' ITR; an adenoviral encapsulation 
ITR; an adenoviral a ' 

^,,1 a DMA sequence encoding apolipoprotein E or a 
Z£L \:ZJZ~ ther-f and a promoter controlling^ 
theC sequence encoding apolipoprotein B or a fragment or 
derivative thereof. The vector is free ^ 
malority of adenoviral El and B3 DNA sequences, but is not 
Tree of all of the B2 and B4 » sequences, and ""f^ 
encoding adenoviral proteins promoted by the adenoviral major 

^"'another embodiment, the g». in the B,a r^ion 
that encodes the 7 2 Kilodalton binding protein is mutated to 
produce a temperature sensitive protein that is active 


WO 96/14837 

PCT/US95; 14541 

32°C. th temperature at which viral particles are produced, 
but is inactive at 37°C, the temperature of the animal or 
human host. This temperature sensitive mutant is described 
in Bnsinger, et al . , J .Virology, 10:328-339 (1972); Van der 
Vliet, et al., -LViroJsgv., 15:348-354 (1975); and Priefeld. 
et al., Virology, 124:380-389 (1983); Bnglehardt. et al . , 
Proc. Nat;. Acad .S r j , Vol. 91, pg S . 6196-6200 (June 1994).' 
Yang, et al., Nature Genet Icb, Vol. 7, pgs. 362-369 (July 
1994) . 

Such a vector, in a preferred embodiment, is constructed 
first by constructing, according to standard techniques, a 
shuttle plasmid which contains, beginning at the 5' end, the 
"critical left end elements," which include an adenoviral 5' 
ITR, an adenoviral encapsidation signal, and an Bla enhancer 
sequence; a promoter (which may be an adenoviral promoter or 
a foreign promoter) ; a tripartite leader sequence, a multiple 
cloning site (which may be as herein described) ; a poly A 
signal; and a DNA segment which corresponds to a segment of 
the adenoviral genome. Such DNA segment serves as a 
substrate for homologous recombination with a modified or 
mutated adenovirus, and such sequence may encompass, for 
example, a segment of the adenovirus 5 genome no longer than 
from base 3329 to base 6246 of the genome. The plasmid may 
also include a selectable marker and an origin of 
replication. The origin of replication may be a bacterial 
origin of replication. Representative examples of such 
shuttle plasmids include pAvS6, shown in Figure 6. A desired 
DNA sequence encoding a therapeutic agent may then be 
inserted into the multiple cloning site to produce a plasmid 
vector. 

This construct then is used to produce an adenoviral 
vector. Homologous recombination then is effected with a 
modified or mutated adenovirus in which at least the majority 
of the hi and S3 adenoviral DNA sequences have been deleted. 
Such homologous recombination may be effected through co- 
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cr ansfection of the placid vector and the modified 
a^ovirus into a helper Oell line, such as 2» cells by 
CaPO. precipitation: Upon such homologous reccofcination^a 
recombinant adenoviral vector is forced which ^-"^ 
Terences derived fro* the shuttle plasmid between the Ho^I 
site and the homologous recombination fragment, and DHA 
aerlved from the Bl an. B3 deleted aaenovirue hetween the 
homologous recombination fragment and the 3 itr. 
^Tol lodiment. the homologous recombination fragmen 
overlaps with nucleotides 3329 to 6246 of the adenov.rus 5 
—ination. a vector is 
formed which includes an adenoviral s- I». an 
encapsidation signal, an « ^^--^ 
a tripartite leader sequence; a DHA seq ™ x 
apolipoprotein B or a fragment or derivative thereof, a poly 
A signal; adenoviral DHA free of at least the majority of the 
Hi JT» adenoviral DHA sequences; and an adenoviral 3 m, 
This vector may then be transf ected into a helper ^cell line- 
such a. the 2,3 helper cell line (ATCC Ho. CPL1S73). which 
.ill include the Bla and Bib DHA sequences, which ^ are 
necessary for viral replication, and to generate xnfect.ous 

sijrr- jx-sjz 
— r ™ ^rrssrr^ . 

cloning site to facilitate the insertion of DHA -»^> 
encoding lipoprotein(s) into the cloning vector In general, 
he multipircloning site includes ™~r£^TT. 
sites- i e.. sites which are found in eukaryotic genes at a 
frequency o from about one in every 10..00 to about onein 
ZZ 100.000 base p*irs. An appropriate vector is thus 
f^d by cutting the cloning vector by standard "chninues 
Z appropriate restriction sites in the multiple cloning 
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site, and then ligating the DNA sequence encoding a 
lipoprotein (s) into the cloning vector. 

The DNA sequence encoding apolipoprotein B or fragment 
or derivative thereof is under the control of a suitable 
promoter. Suitable promoters which may be employed include, 
but are not limited to, adenoviral promoters, such as the 
adenoviral major late promoter; or heterologous promoters, 
such as the cytomegalovirus (CMV) promoter,- the Rous Sarcoma 
Virus (RSV) promoter; inducible promoters, such as the MMTV 
promoter, the raetallothionein promoter; heat shock promoters; 
the albumin promoter; the ApoB promoter,- and the ApoAI 
promoter, it is to be understood, however, the scope of the 
present invention is not limited to specific foreign genes or 
promoters . 

In one embodiment, the adenovirus may be constructed by 
using a yeast artificial chromosome (or YAC) containing an 
adenoviral genome according to the method described in 
Ketner, et ml.. PN&S, Vol. 91. pgs. 6186-6190 (1994). in 
conjunction with the teachings contained herein. In this 
embodiment, the adenovirus yeast artificial chromosome is 
produced by homologous recombination in vivo between 
adenoviral DNA and yeast artificial chromosome plasmid 
vectors carrying segments of the adenoviral left and right 
genomic termini. A DNA sequence encoding apolipoprotein B or 
a fragment or derivative thereof then may be cloned into the 
adenoviral DNA. The modified adenoviral genome then is 
excised from the adenovirus yeast artificial chromosome in 
order to be used to generate infectious adenoviral particles 
as hereinabove described. 

The infectious viral particles may then be administered 
inviYa to a host. The host may be an animal host, including 
mammalian, non-human primate, and human hosts. The 
particular target cell or tissue to which the particles are 
targeted is dependent upon the ligand with which the particle 
is engineered. 
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The viral particles ar administered in an amount 
effective to tr at hypercholesterolemia in a host, i.e., the 
administration of the viral particles provides for th 
lowering of cholesterol levels in the blood of the host. In 
one embodiment, the viral particles may be administered xn an 
amount of from l plaque forming unit to about 10 plaque 
forming units, preferably from about 10' plaque forcing unxts 
to about 10 13 plaque forming units. 

Hypercholesterolemia often is associated wxth 
cardiovascular disease, such as, for example 
atherosclerosis, which is the blowing of arterxes as a 
result of cholesterol deposits. Thus, the adenovxral vectors 
of the present invention are useful in the preventxon and/or 
treatment of cardiovascular disease, wherein such vectors are 
administered in the amounts hereinabove described. 

Preferably, the infectious vector particles are 
administered systemically, such as. for example by 
intravenous administration (such as, for example, portal vein 
injection or peripheral vein injection,, or intramuscular 
administration. ■ w 

The viral particles may be administered in combination 
with a pharmaceutical^ acceptable carrier suitable for 
adm i„istration to a patient. The carrier may 
carrier (tor example, a saline solution) . or a solid carrier, 
such as. for example, mlcrocarrier beads, 

in another embodiment, the viral particles may be 
administered to apolipoproteln-def iclent animals (such as 
for example. apoE-deflcient mice, in order to use such 
animals as models for studying hypercholesterolemia and the 
treatment thereof. For example, an adenoviral vector 
containing the apoB gene may be given to ^^^^ 
subsequent to the administration of the adenovira! ^ vector 
containing the apoB gene, the mice are evaluated for 
expression of ^lipoprotein B. Prom the results of such, 
study, one then may determine ho- such adenoviral vectors may 
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be administered to human patients for the treatment of 
apolipoprotein-E deficiency. Thus, the adenoviral vectors of 
th invention are useful as scientific reagents in the study 
of hypercholesterolemia. 

In another alternative, the adenoviral vector may be 
employed to transduce eukaryotic cells in vitro , whereby the 
eukaryotic cells will produce apolipoprotein E in vitro . 
Eukaryotic cells which may be transduced include any 
eukaryotic cell type. and, in particular, include 
hepatocytes, endothelial cells, and primary cells, such as 
primary nucleated blood cells. Such apolipoprotein E then 
may be obtained from the culture of transduced eukaryotic 
cells, and may be administered to a host for the treatment of 
hypercholesterolemia. 

In another alternative, the eukaryotic cells, which were 
transduced with the adenoviral vector in vitro , may be 
administered to a host in an amount effective to treat 
hypercholesterolemia in a host. 


The invention now will be described with respect to the 
following examples; however, the scope of the present 
invention is not intended to be limited thereby. 


Conatr^c^on_ of Adenoviral Vcfcor jnminA^ 
PH* Encoding ApoI ipoprofcaln a 

A. Cloainq of An Q ll M » m .«j n g em 

Apolipoprotein B (ApoB) cDNA was constructed using gene 
overlap extension PCR methods (Horton, et al. , Biotechnim,^ 
Vol. 8. pgs. 528-535 (1990)), using Pfu DMA polymerase 
(Stratagene. La Jolla. CA> in the presence of 10% DMSO. The 
5' end of the apoB cDNA, nucleotides-39 to 292, was generated 
using human liver cDNA (CI one tech, Palo Alto, CA) as template 
with the following primers: 

PI : 5 ' - ACI^GCCCCAGCGGAGGTGAAGGACGTCCTTCCCCAGGAGCCG- 3 ' 

P2 : 5 ' - TTCCTCCAGTTCCGATTTCrrAGGCCT _ 3 ' 
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pri»er » was "^^r.SZ 

transcription initiation site » 1 J J- * ; * Tb pcR 

B^^- 2 ^' **■ ° 2 ' Tthe follo-ing conditions: 9S-C 
reaction was carried out usxng the fo llo. . g 

£ - io £ n^"^ a ^ 

^^rJute.. - 3. end - - ^ 

^ef'^er- using the P^ers » - 
GCCTACAAATCGGAACTGGAGGAA- 3 ) and 
AGGCTTCGGCGTTCAGTGATTGT- 3 ' ) to V*a*~J « 6 £ J^. 
The s. and 3. PC* generated ^* % / he ^ited 

The PCR reaction was set up using equa ted full 

fragments and the end pr^ers PI and « . « u 
length apoE cDNA, 1.025 bp. was (Invi trogen, San 

directly into the pCRII '"^'^" cDNA sequence 

Diego. CM to for* pO* ^ J?."? £? mm rt 
includes a leader sequence of 60 bp5 
codon. a secretion signal pept.de cod*. regxo . 
coding region, and a trailer sequence of 93 hp 3 ^ ^ 

it: i^r^z ^ — 

seqaLe (Genban* accession »K0039 S > -as selected. 

■»• CfflW™rti<nn .huttie olasmid pAvSS was 

The adenoviral construction shuttle 

constructed in several "^"^L- cloning 

techniques including poly-r.se £ragIoenC „. 

techniques. First, the 2913 bp Bglll. ^ 
removed from Ad-dl327 and inserted « » ca) 
the Xhol site of pBluescript I! KS < S "^ j^L vol. 31. 

(TMtimappaya, et ai.. s»sii» 


(Figure 3) . Ad-dl327 
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P9S. 543-551 (1983,, incorporated herein by reference) is 
identical to Adenovirus 5 exce p t Cnat ^ ^ fra 
xncludxng bases 28591 to 30474 (or map units 78.5 to 84 7) of 
the Adenovirus s genome, and which is located in the B3 
region, has been deleted. The complete Adenovirus 5 genome 
is regxstered as Genbank accession #M73260, incorporated 
herexn by reference, and the virus is available from the 
Amerxcan Type Culture Collection, Rockville, Maryland. U.S A 
under accession number VR-5. 

Ad-dl327 was constructed by routine methods from 
Adenovirus 5 (Ad5, . The method is outlined briefly as 
follows and previously described by Jones and Shenk, Cell 
13:181-188, (1978). Ad5 DNA is isolated by proteolytic 
dxgestion of the virion and partially cleaved with Xbal 
restriction endonuclease . The Xbal fragments are then 
reassembled by ligation as a mixture of fragments. This 
results in some ligated genomes with a sequence similar to 
Ad5, except excluding sequences 28591 bp to 30474 bp This 
DNA xs then transfected into suitable cells (e.g. KB cells 
HeLa cells. 293 cells) and overlaid with soft agar to allow 
Plaque formation. individual plaques are then isolated, 
amplified, and screened for the absence of the 1878 bp E3 
region Xbal fragment. 

The orientation of this fragment was such that the Bglll 
site was nearest the T7 rna polymerase site of pKSir and the 
Hxndlll site was nearest the T3 RKA polymerase site of 
pBluescript II KS-. This plasmid was designated pHR. (Figure 

Second, the ITR, encapsulation signal, Rous Sarcoma 
Virus promoter, the adenoviral tripartite leader (TPL) 
sequence and linking sequences were assembled as a block 
using pgr amplification (Figure 4). The ITR and 
encapaidation signal (sequences 1-392 of Ad-dl327 [identical 
to sequences from *15, Genbank accession #M73260] , 
incorporated herein by reference) were amplified 
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plasmidpRC/RSV (seances 20, to 60S.- ^cr^en. San Diego. 

e»l using primers containing an AscI site and an Sfil 

» P r^=« «- salifications 1 ana 2 were Joined using 

* !o r ap " Torrpgr,:.^.!^;;^:^^ 
^:~T™es 5.-- 

»„73 2 6on from o» -de fro* mRNA isolated 293 -11 

U*OC accession No, CRL 1573, infected for 
d!327 using primers containing Sfil and Xbal sites 
rtsPectWely U fragments fro. amplification reac ion 
■J2\ were then Joined using PC* (amplif icat.on S> « * 
«I and xha! primers, thus creating the complete gen. ^ 
Third, the ITR-encapsidation signal-TPL fragment -as 
^ ' 4..1, m«k and Xbal and inserted into 
then purified, cleaved with Not! and xhal an 
the Notl. Xbal cleaved pHR plasmid. This plasmx ^ 
designated pAvSSA' and the orientation «s such that the HotI 
site of the fragment was next to the T7 RNA polymerase Site 

^JL. the SV,0 early polyA signal was ^ ^ 
sv« DfOV as an Hpal-BamHI fragment, treated with T4 DHA 
It^rtse and inserted into the S.1X site of^the plasmid 
PAVS6A- (Figure 5) to create pAvSS (Figures 5 and 6. . 

The apoE cDHA fragment was obtained from pCRB 
after digestion with BcoRV and Bcl» 6 restriction enzymes. 
Tne apoE CHHA fragment was then ligated into the ScoRV 
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linearized pAvSS to generate pAvSSE (Pigure 7) , i n which the 
apoB cDNA is placed downstream of the RSV promoter. 

PAVS6B was linearized with Kpnl restriction enzyme and 
co-transfected with the large Clal fragment of Ad5dl327. 
This transection produced . the recombinant adenovirus 
containing the apoB cDNA and is referred to as AvlRE. A 
schematic diagram of AvlRE is shown in Pigure 8. Recombinant 
adenoviral plaques were screened by PCR for the presence of 
apoE cDNA. Positive plaques were identified and were 
expanded in 293 cells. The adenovirus titers (particles/ml) 
were determined spectrophotometrically (Weiden, Proc. Nat . 
Acad. Sci , ^ t Vol. 91, pgs. 153-157 (1994); Halbert, J. Virol. . 
Vol. 56, pgs. 250-257 (1985) and compared to the biological 
titer (pfu/ml) . The ratio of total particles to infectious 
particles (particles/pfu) usually was 100 or less. 
Construction of Avi^4„ 

The recombinant, replication-deficient adenoviral vector 
AviLac24. which expresses a nuclear -targetable B- 
galactosidase enzyme, was constructed in two steps. First, a 
transcriptional unit consisting of DNA encoding amino acids 
l through 4 of the SV40 T-antigen followed by DNA encoding 
amino acids 127 through 147 of the SV40 T-antigen (containing 
the nuclear targeting peptide Pro-Lys-Lys-Lys-Arg-Lys-Val) , 
followed by DNA encoding amino acids 6 through 1021 of eL 
flQli B-galactosidase. was constructed using routine cloning 
and PCR techniques and placed into the EcoRV site of pAvS6 to 
yield pAvS6-nlacZ (Figure 9) . 

The infectious, replication-deficient, AvlLacZ4 was 
assembled in 293 cells by homologous recombination. To 
accomplish this, plasmid pAvS6-nLacZ was linearized by 
cleavage with Kpnl. Genomic adenoviral DNA was isolated from 
purified Ad-dl327 viruses by Hirt extraction, cleaved with 
Clal, and the large (approximately 35 kb) fragment was 
isolated by agarose gel electrophoresis and purified. The 
Clal fragment was used as the backbone for all first 
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g eneration adenoviral vectors. and the v ctore derived from 

rrjirsir^; . — •> 

round of infection of 293 cells, 

clarification as follows: ,„.,.„, uiC h 100 «1 ° J 

one 35 ™ dish of 293 cell was infected with iuu c 
0M " (IMEH plus 2% FBS. 2mM 

plaque lysate plus 400 „! of IMBM 2 (IMBW P 
'lutamine <Bio whittafcer 046764, , plus £5 -1 of 
amoved minimal essential £f ^ plus 2mM 

observed. Cells and supernatant were 
desisted as CV,-*. *vlIacZ4 vector ,. • 

construction of which is shown in Pigure 10, °[ 
three cycle, of free*in 9 and thawina of the , CK A. & 
60 » dish of 293 cells was infected with 0.5 ml of _ t 

, , „l of MBM-10 and incubated for approximately tnree 
plus 3 ml of ws" «" ^ infection 

cells and supernatant from tnxa 

«. ^CZ4 also is descr^ « 

3-sraov.. vol. 5. pgs. 731-744 (1994) et 

rr „.„„ P„vle«a. Vol. 12. P9S. 185-199 (1993). 
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al-, Nature Qenet.^fi , Vol. 5, pgs. 397-402 (December 1993), 
which ar incorporated herein by reference. 
E. Traduction of u.^ fffl?J| 

Hep62 cells were cultured in Eagle's minimum essential 
medium (EMEM) containing 10% fetal bovine serum (PBS) 
Transductions of the cells with Avire or AviLacZ4 were 
carried out in EMEM containing 2% FBS, ioo units/ml 
penicillin, and iO M g/ml streptomycin, and were carried out 
when the cells had reached approximately 90% confluency, and 
at multiplicities of infection (MOI) of 10 or 100 The 
adenoviral vector was diluted in 0.5 ml of the transduction 
medxum, and was placed on the cell monolayer for 1.5 hours at 
37o C . The medium was removed and 1 ml of fresh transduction 
medium then was added. After 24 hours, the medium was 
collected and Western analysis was carried out using a 10 M l 
alxquot. The Western blot analysis was conducted using an 
antx-human apo B monoclonal antibody, 3H1. As shown in 
Figure 11, untransduced HepG2 cells and AviLacZ4 transduced 
HepG2 cells secreted a low level of apo B which was detected 
xn the culture medium (Figure 11, lanes 3 and 4) avire 
transduced HepG2 cells, however, secreted substantially 
hxgher levels of apoE, indicating that the vector directs the 
overproduction of human apoE in vitro. (Figure 11, lanes 5 
and 6. ) vector derived human apoE had an identical molecular 
wexght of 34,000 daltons compared to both purified human apoE 
(Figure n, lanes i and 2) and the endogenous apoB 
synthesized by HepG2 cells (Figure 11, lanes 3 and 4) 


Adenoviral n»r... iffl ?g ft ff pB in 

C57BL/6J apoB-deficient mice were obtained from the 
Jackson Laboratory (Bar Harbor, Maine) . These mice were 
homozygous for the disruption of the apoB gene (Piedrahita, 
Ct **" p ™> War , ftca^ , f)cj lm , vol. 89, pgs. 4471-4475 

Zhang ' et **- Sciffl£s ' vo1 - 258 - 46a - 471 

(1992) ) . The mice were fed Purina mouse chow and allowed to 
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acclimate approximately 3 «eeKs prior c ° .™ 
administration. Each mouse then was treated by tail vein 
In^c on with Sxio" recombinant Avis* or AvlI*cZ4 adenovirus 
^ctor particles in 400,1 Hank- s buffered saline solution 

""^Plasma cholesterol concentrations -ere determined before 
and after treatment using enzymatic methods £ 

LOU is, .ssoun,. ^-^rtrr^s. 

TZZJTZ h^r^r tube" Plasma -as collected 
following centrifugation at 7000 xg for 5 minutes R*TA 
Pefabloc. . apoprocln^were added to al 

final concentrations of 2 niM, i 

"^tn^aii^t of plasma was denatured and applied to a 
„i SOS PAGE 9 e!\,.ove*,. The proteins were «--«^. 
a polyvinylidene difluoride IPVDP. membrane using a mini 
transblot apparatus (Biorad. Hercules. CA> for 30 min. at 100 
" After Z transfer was coveted, the PVDF —«--'« 
Iransiently stained with red Ponceau and 
standards were marked directly on the 
weight markers used ranged from ,00 kDa - 
The PVDF membrane was blocked in 10 *H Tris.^ P 
Staining 150 Nad. 2 - -* 2 [~'* 
milk. The blocked membrane was first incubated for 1 bourat 
. nooo dilution of the primary 

* Mltc.1. UnrvTrsity of Ottawa, . The —-"^ 

rSS-S"~ .Lrsham nesciences Arisen 
„ , . The membrane was exposed to film 

^ 1 to™ sec. Purified human apoe .Calbiochem. 


-17- 


WO 96/14S37 


PCT/DS95/14541 


La Jolla, CA) was used as a positive control on all Western 
analysis. 

Plasma was pool d fr m each treatment group and 200 fil 
was applied to a Superose 6 gel filtration PPLC column 
(Pharmacia, Piscataway, NJ) . The column was equilibrated in 
10 mM Tris, pH 7.4 containing 150 mM NaCl, 2 mM EDTA, and 
0.02% sodium azide at a flow rate of 0.35 ml/min and 0.5 ml 
fractions were collected. Cholesterol was determined on 100 
/il of each fraction by enzymatic methods. Purified human 
VLDL and HDL (Calbiochem) were used for calibration of the 
column. 

At 7 days post injection, blood was obtained from the 
tail veins of the mice, and plasma was analyzed by Western 
blot analysis as described hereinabove. As shown in Figure 
12, human apoB was detected in the plasma of the AviRE- 
treated mice (lanes 8-12) and was not present in the plasma 
of the AviLacZ4 vector control group (lanes 2-7) . 

Human apoB concentrations in mouse plasma also were 
quant it at ed by BLISA. 

Human apoB in mouse plasma was measured using a sandwich 
type BLISA utilizing a mouse anti-human apoB monoclonal, 9- 
H8, as the capture antibody and a goat polyclonal as the 
detecting antibody. Values were determined using a standard 
curve obtained by including varying amounts of purified 
recombinant human apoB3 into plasma from apoB-def icient mice. 
Microtiter plates (Immulon 4, Dynatech) were coated with the 
9-H8 antibody (5 ng protein/ml) (Cappel, Durham, NO in 100 
mM sodium bicarbonate, pHS.6 overnight at room temperature. 
The monoclonal antibody solution was removed and the plate 
was washed 5 times using phosphate buffered saline (PBS) 
containing 0.05% Tween-20. Unless otherwise noted all 
subsequent incubations were carried out for one hour at room 
temperature. The nonspecific protein binding sites in each 
well were blocked using PBS containing 10% non-fat dry milk. 
The blocking buffer was removed and the plates were washed as 
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described previously. The standards and samples were diluted 
Tns containing 2. bovine serum albumin (BSA) and allowed 
To incubate overnight. A 100 ,1 aliouot of each samp e or 
standard dilution .as placed in individual .ells and allowed 
"Tcuhate. The plates .ere .ashed as described and were 
Ln incubated .ith !00 ^ ^ ^ 
secondary anti-human apoE goat polyclona 
(Calbiochem, La Jolla, CA, in PBS containing 2% »»A. After 
.ashing, the plates -ere incubated with 100 Ml °« * I-"'" 
ZS* of th P e tertiary. s.ine anti-goat IgC-HHPO ^lyclona 
antibody (Caltag. San Francisco. CA, . The reaction «s 
developed using 100 A of 0.2 mg/ml 3.3 .5.5 • 
tetramethylbenzidine (TMB) , 0.01% H,o, and .as stopped by the 
^tion If !00 ,1 of « Phosphoric acid. The absorb^ at 
450 nm .as measured using 405nm as reference. The average 
concentrations in mouse plasma 7 days after vector 
Td^nistration .as 1.2 M /ml. which is approximately 4* of 
normal human apoS levels . 

L mean cholesterol value in apoB-def icient mice prior 
to vector treatment was 794 mg/dl (.hang. 

vol 71 pgs. 343-353 (1992); Nakashima. et al . . 

ishibashi. et al., 1 >mr JtHT .W*- *>l - Vol.^91. P9 
4431-4435 (1994)). As shown in Figure 13. one week after 
a^nistration of the AvlRB vector, plasma =*>^ 
levels. indicated as averse total plasma control 
Oration. (TPC, . and determined « 
described, had declined 8-fold to a mean value of 9 
which i. equivalent to levels found in normal <f 
a chow diet. (Lusis. et al.. J M ol ■ ■ ^ J"' j*" 

, CO a 7fin4 M987)- Zhang, 1992; Shitnano. et al-. pr^c, 

vol B9. pgs'. 1750-1754 ,1992,,. As Seated in 
^ftT the open bar. denote the mice that were given 
IvIIa Z4 'and thTstrlped M denote the mice treated with 
Zm. Mice that received the control AvlLacZ4 vector had 
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similar levels of plasma cholesterol before and after 
treatment, indicating that the reduction in plasma 
cholesterol concentrations was due to th expression of human 
apoE. 

The plasma lipoprotein distribution of the Avire and 
AviLacZ4 treated mice 7 days after vector administration is 
shown in Figure 14 . Pooled plasma from each treatment group 
was fractionated using a Superose 6 gel filtration column as 
hereinabove described, and cholesterol content was measured 
m each fraction across the elution profile. As shown in 
Figure 14, the open circles denote plasma from the AvlLac24 
treated group, and the dark circles denote plasma from the 
mice created with AviRE. As expected for untreated apoB- 
defxcxent mice, che lipoprotein elution profile of the 
AvlLacZ4-treated group showed that the majority of the 
cholesterol eluted in the VLDL/LDL region. (Zhang, et al 
1992; Plump, et ai . , 1992., m contrast, the lipoprotein 
distribution of the AviRB-treated animals was shifted such 
Chac Che cholesterol found in the VLDL/LDL region was reduced 
and that HDL was the primary cholesterol -containing 
lipoprotein. 

The plasma lipoprotein distribution of human apoE in the 
AviRB-treated mice was confirmed by Western analysis of the 
fractionated plasma samples (Figure 15) . The FPLC fraction 
numbers from Figure 14 are listed above each lane. The 
majority of the human apoB was associated with the VLDL/LDL 
fraction, although a smaller proportion of the apoE was 
detected in the HDL fraction. 

Figures 16A and 16B show total plasma cholesterol and 
plasma human apoB concentrations after adenoviral vector 
administration. Open circles denote the AvlLacZ4 -treated 
mice, and black circles denote the AviRB-treated mice 
Plasma human apoB concentrations were determined by ELISA as 
hereinabove described. As shown in Figure 16A. the reduction 
m total plasma cholesterol levels in the AviRB-treated apoB- 


-20- 


PCT/US95/14541 


aeficient mice persisted for at 1 ast 21 days after 
^aeration of the adenoviral vector . The mean plasma 
chTlesterol concentrations in the AvlKE-treated apoE 
deficient .ice were approximately ISO mg/dl over the f irst 21 
days although a greater variation was found between 
individuals at 14 and 21 days. At 35 days after vector 
aclistration, the plasma cholesterol concentrations in the 
Av«B-treated group increased to approximately 550 mg/dl. but 

cLen^Hae over Z course of the study in 

AvlLacZ4 -treated control mice. 

Expression of human apoB in mouse plasma persisted for 
at least 35 days after administration of the adenoviral 
vector AvlRE. as shown in figure 1«. The «c««~£ 
hum an apoE varied over the course of the study with the 
highest level of 3.4 ,g/ml found at 14 days. The » 
plasma cholesterol concentration at 35 days post 
correlated with a decline in the plasma human 
concentrations to an average level of 0.5 „g/ml '"^^ . 

The result, in this example showed that adenovirus 
mediated expression of human apoE in ^^ le " er °^" 
apos-deficient mice resulted in a transient 
Aversion of the hyperchole.terolemic state 
this mouse strain. The levels of human apoE expression were 
sufficient to produce a significant lowering of plasma 
cnol sterol concentration, for at least 21 day. afterve«or 
administration. Thus, correction of hvpercholesterolemic 
condition, by direct in vivo gene transfer may^be employed 
£or the treatment of hyperlipldemias due to apoE 
(Schaefer. et al.. iT H1n TH^t... vol. 70. Ws- "06-1219 
U986)) or dysfunction (Rail. « al.. T T n r.ml vol. 
231 P98. 653-659 (1992)). 

'Z inverse relationship between pla~» apoE 
concentrations and plasma cholesterol levels has been 
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reported previously in transgenic mice expressing the rat and 
human ap B genes. (Shimano, et al., Proc. Nat. Acad. Sri . 
Vol. 89, pgs. 1750-1754 (1992); Smith, et al., J. Biol. 
QignK, Vol. 265, pgs. 14709-14712 (1990) ) . The above results 
showed that a human apoB concentration of l to 4 M g/ml was 
sufficient to lower plasma cholesterol levels to the normal 
range in apoB -deficient mice. Thus, severe 

hypercholesterolemia due to gene knockout is affected toy 
relatively modest apoB levels. In addition to the treatment 
of hyperlipidemias, the AvlRE vector also could be used to 
assess the effects of human apoE gene therapy on the 
development of Alzheimer's disease. 

The decrease in plasma cholesterol levels observed in 
the AviRE-treated mice was accompanied by changes in the 
plasma lipoprotein distribution (Figure 14) . The presence of 
human apoB in the plasma of the apoB-def icient mice produced 
a decrease in VLDL/LDL cholesterol and an increase in HDL 
cholesterol. ApoB-def icient mice have both intestinal- and 
liver-derived remnant lipoprotein particles that accumulate 
in plasma and result in elevated plasma cholesterol 
concentrations (Zhang, et al., 1992; Plump, et al., 1992). 
These remnant particles are normally cleared from the 
circulation via the interaction of apoB with either the LDLR 
and/or the LRP (ishibashi, et al., Proc. Nat a^h p„« 
Vol. 91. pgs. 4431-4435 (1994); Willnow, et al., Science . 
Vol. 264, pgs. 1471-1474 (1994)). Previous studies have 
shown that the elevation of apoB levels can enhance the 
clearance of VLDL, LDL, and chylomicrons from the circulation 
(Shimano, etal., J, Cite. Tnyng^, Vol. . 90, pgs. 2084-2091 
(1992); Shimano, et al., J. din, vol. 93, pgs. 

2215-2223 (1994)). The reduction of plasma cholesterol 
concentrations and changes in the plasma lipoprotein 
distribution was presumably a result of the association of 
the human apoE protein with both apoB48- and apoBlOO -remnant 
lipoprotein particles (Figure 15 ) , thereby increasing their 
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removal from the circulation. The current study demonstrates 
tha t the phenotypic correction of the apoE -deficient mouse 
can be achi ved by the transient delivery of the apoE3 gene 
using an adenoviral vector. ■.,.„„„ 

The disclosure of all patents, publications, including 
published patent applications, and database entries 
referenced in this specification are specifically 
incorporated herein by reference in their entirety to the 
same extent as if each such individual patent. Publication, 
and database entry were specifically and individually 
indicated to be incorporated by reference. 

It is to be understood, however, that the scope of the 
present invention is not to be limited to the specific 
embodiments described above. The invention may be practiced 
other than as particularly described and still be within the 
scope of the accompanying claims. 
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SEQUENCE LISTING 

(1) GENERAL INFORMATION: 

(i) APPLICANT: McClelland. Alan 

Stevenson, Susan C. 
Teng, Ba Bie 

(11) TITLE OP INVENTION: GENE THERAPY 
HYPERCHOLESTEROLEMIA 

(iii) NUMBER OP SEQUENCES: 5 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSBB : Care 11a, Byrne, 
Gilfillan, Cecchi, 
Stewart & Olatein 
Becker Parra Road 


(B) STREET: 


(C) CITY: Roseland 

(D) STATE: New Jersey 
(B) COUNTRY: USA 

<*> ZIP: Q7068 

(v) COMPUTER READABLB FORM: 

(A) MEDIUM TYPB: 3.5 inch diskette 

(B) COMPUTER: IBM PS/2 

(C) OPERATING SYSTEM: MS-DOS 

(DJ SOFTWARE: WordPerfect 5.1 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) PILING DATE: 

(C) CLASSIFICATION: 


(vii) PRIOR APPLICATION DATA: 
(A) APPLICATION NUMBBR: 
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(B) PILING DATE: 

(Viii) ATTORNEY /AGENT INFORMATION: 

(A) NAME: Olstein, Elliot M. 

(B) REGISTRATION NUMBER: 24,025 

(C) REPBRENCB /DOCKET NUMBER: 271010-228 

(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE : 201-994-1700 

(B) TELEFAX: 201-994-1744 

(2) INFORMATION FOR SEQ ID NO: 1: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 44 bases 

(B) TYPE: nucleic acid 

(C) STRANDBDNBSS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: oligonucleotide 

(ix) FEATURE: 

(A) NAME/KEY: PCR primer 

(xi) SEQUENCB DESCRIPTION : SBQ ID NO: 1: 
ACTCMCCCC AQCQGAGGTG AAGGACGTCC TTCCCCAGGA OCCO 

(2) INFORMATION FOR SBQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 48 bases 

(B) TYPB: nucleic acid 

(C) STRANDBDNBSS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPB: oligonucleotide 
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(ix) FEATURE: 

(A) NAME/KEY: PC R primer 

(ix) SBQUENCB DESCRIPTION: SEQ ID MO- 2- 
TTCCTCCAGT TCCGA.7TTQT AGGCCTTCAA CTCCTTCATQ GTCTGGTC 

(2) INFORMATION SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNBSS : single 

(D) TOPOLOGY: linear 

<ii> MOLECULE TYPE: oligonucleotide 

(ix) FEATURE: 

(A) NAME/KEY: PCR primer 

(Xi) SBQUENCB DESCRIPTION: SEQ ID NO- 3- 
GCCTACAAAT COQAACTGOA OOAA 

(2) INFORMATION FOR SEQ ID NO: 4: 
(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 23 bases 

(B) TYPB: nucleic acid 

(C) STRANDEDNBSS : Single 

(D) TOPOLOGY: linear 
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(ii) MOLECULE TYPB: oligonucleotide 
(ix) FEATURE: 

(A) NAME/KEY: PCR primer 

(xi) SEQUENCE DESCRIPTION: SBQ ID NO- 4- 
AGGCITCGGC GTTCRGTGAT TOT 
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(2) INFORMATION POR SEQ ID NO: 5: 

(i) SBQUBNCE CHARACTERISTICS : 

(A) LENGTH: 7 amino acids 

(B) TYPB: amino acid 

(C) STRANDEDNBSS : 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 
Pro Lys Lys Lys Arg Lys Val 
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WHAT IS CLAIMED IS: 

1. An adenoviral vector including a nucleic acid sequence 
encoding apolipoprotein Bra fragment or derivative thereof 
having the biological activity of • apolipoprotein B. 

2. The vector of Claim 1 wherein said adenoviral vector is 
modified such that at least a portion of the adenoviral 
genome has been deleted. 

3. The vector of Claim 2 wherein said vector comprises an 
adenoviral 5' itr ; an adenoviral 3'ITR; an adenoviral 
encapsidation signal; a DMA sequence encoding apolipoprotein 

R nr a f va.— «-i. , 


B or a fragment or derivative thereof; 


, — ^ a promoter 

controlling said BSA sequence encoding apolipoprotein B or a 
fragment or derivative thereof, wherein said vector is free 
of at least the majority of adenoviral Bl and B3 DNA 
sequences . 

4. The vector of Claim 3 wherein said vector is Avirb as 
shown in Figure 8. 

5. A method of treating hypercholesterolemia in a host, 
comprising: 

administering to a host an adenoviral vector 
including a nucleic acid sequence encoding apolipoprotein B 
or a fragment or derivative thereof, aaid adenovirus being 
administered in an amount effective to treat 
hypercholesterolemia in a host. 

6. The method of Claim 5 wherein said adenoviral vector is 
administered in an amount of from l pfu to about 10" pfu. 

7. The method of Claim 6 wherein said adenoviral vector is 
administered in an amount of from 10» pfu to about 10" pfu. 

8. Bukaryotic cells transduced with the adenoviral vector 
of Claim l. 

9- A method of treating hypercholesterolemia in a host, 
comprising : 
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administering to a host the eukaryotic cells of Claim 8 
in an amount effective to treat hypercholesterolemia in a 


host. 
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